Background: Patients with metastatic breast cancer (MBC) represent a heterogeneous group, with large differences in outcomes from individual patients. VE-cadherin, an endothelial-specific cadherin, was shown to promote tumour proliferation and angiogenesis. Soluble VE-cadherin has been recently associated to breast cancer progression. This study was designed to investigate the prognosis significance of soluble VE-cadherin in hormone-refractory MBC.
cell proliferation via the transforming growth factor-b signalling pathway (Labelle et al, 2008a) . Unlike most endothelial markers, VE-cadherin is not found in blood cells or in haematopoietic precursors. Cytokine-induced phosphorylation of the VE-cadherin cytoplasmic domain was reported to trigger cleavage of its extracellular domain, releasing soluble form of the proteinsoluble VE-cadherin (sVE-cadherin) (Vilgrain et al, 2013) . As a consequence, sVE-cadherin may be related to neoangiogenesis and tumour burden. We have previously shown that the cleavage of VE-cadherin is dependent upon tyrosine kinase activation in response to cytokines challenge and more precisely Src kinase in response to VEGF (Wallez et al, 2007; Vilgrain et al, 2013) .
Breast cancer is the most common cancer type among women and it is the leading cause of cancer mortality among women in Europe (Ferlay et al, 2013; Arnold et al, 2015) . Metastatic breast cancer (MBC) is generally considered as an incurable malignancy. Although therapeutic development has improved prognostic, median survival is still limited at 24-30 months after the diagnosis of metastasis (Largillier et al, 2008) . MBC is a heterogeneous disease: actual survival for individual patients varies widely, from just a few months to several years. Thus, stratification of patients into poor and good prognosis groups would lead to better personalised therapeutic approach (Ryberg et al, 2001; Chang et al, 2003; Dawood et al, 2010) . Additional biological parameters are therefore required to more accurately predict outcome of MBC patients (Kos and Dabbs, 2016) . Recent studies have shown increase levels of sVE-cadherin in MBC compared with localised breast cancer (Fry et al, 2013 (Fry et al, , 2016 . The SEMTOF study was a prospective study specifically designed to identify biological prognostic factor in patients with hormone-refractory MBC. Here we focused on sVE-cadherin results and its identification as an independent prognosis factor.
PATIENTS AND METHODS
Patients. The SEMTOF study was a multicentre prospective cohort study whose aim was to collect biological samples for prognostic and predictive translational analysis in hormonerefractory MBC patients. All patients agreed and signed an inform consent before inclusion. This study was done following international and national regulation in vigour at that time and was approved by the institutional ethics committee on 16 March 2004. Inclusion criteria were: age X18 years old, histologically proved MBC. Patients had to be eligible at inclusion to a first-line metastatic chemotherapy. Chemotherapy regimen was not predefined and was under investigator choice. All patients with HER2 positive disease received Trastuzumab associated with chemotherapy. Previous radiotherapy and hormonotherapy were allowed, patients had to be naive from metastatic chemotherapy. Progression after homone therapy was defined as relapse occurring on the first year of adjuvant hormonotherapy, or progression within first 6 months of first-line hormonotherapy for MBC. They were included between July 2004 and 2007.
After obtaining patient informed consent, serum and matched plasma samples were collected, aliquoted and stored at -80 1C, then thawed shortly before use.
Age, Eastern Cooperative Group PS, initial tumour stage, histology, HER2/neu status, initial number of positive lymph nodes, number and sites of metastases, biological parameters at inclusion (lactate dehydrogenase, haemoglobin, neutrophils count (PNN), time since diagnosis of the initial breast cancer (diseasefree interval), prior chemotherapy or endocrine treatment (including the adjuvant setting) and the nature of the metastatic treatment were collected.
Clinical, biological and radiological evaluations were performed at inclusion, then every 6 weeks.
Serum analysis. Serum samples were kept frozen at -80 1C and then thawed shortly before determination of sVE-cadherin level by ELISA assay. The assay was a sandwich enzyme immunoassay using a monoclonal antibody and an enzyme-linked polyclonal antibody specific for sVE-cadherin, as previously described (Vilgrain et al, 2013) . Individual serum concentrations of sVEcadherin are reported in mg ml À a .
Statistical analysis. Statistical analyses were carried out using the SAS package 9.4. Patients' characteristics were described using median ( min max) or frequency and percentage for quantitative and qualitative parameters, respectively. Overall survival was defined as the time from inclusion to death of any cause or last news for alive patients. Progression-free survival was defined as the time from inclusion to the date of first documentation of progression or the date of death or date of last follow-up. Survival data were assessed by the Kaplan-Meier method. In the absence of assumptions concerning a hypothetic cut-off, two subgroups of comparable size were used to split population depending on sVE-cadherin level. In order to maximise the power of the study, the median value of the distribution score has been used. A second threshold, (0.72 mg l À h ) using outcome-based cut-point optimisation method defined with X-tile software was used (Camp et al, 2004) . Survival curves were established according to the initial VE-cadherin level and compared using a Log-rank test. A step by step descending selection of variables was used so as to retain factors that were independently linked to survival parameters. The variables introduced in the multivariate Cox regression model were prognostic parameters previously described as being relevant in MBC, as biological subtype or parameters previously identify as significantly related to survival in the univariate procedure (Yamamoto et al, 1998; Largillier et al, 2008; Kwast et al, 2014) . Significant variable (at 10% level) in the univariate approach were introduced in the initial multivariate model. The final multivariate model was those reduced to the only variables which were statistically significant at a 5% threshold. Table 1 . Median age was 56.6 years (range 30-84). Thirty patients (20%) presented metastasis at initial diagnosis. Eightyseven patients had received adjuvant chemotherapy (AC, FEC, FAC and CMF). The median disease-free interval (from first diagnosis to recurrence) was 36.9 months varying from 0 to 289 months. All patients in this series had metastatic disease refractory to hormone therapy, that is, receptor-negative for both oestrogen and progesterone or progressive after hormone therapy. Twentysix patients were HER2 positive, 18 patients (12.3%) had triple negative disease. Most patients had ductal (n ¼ 121) rather than lobular (n ¼ 12) histological subtype. Median soluble VE-cadherin value was not significantly different between this two groups.
Serum levels of sVE-cadherin. Initial sVE-cadherin serum level was assessed on 141 patients, with a median of 0.545 mg ml À s (range 0.01-2.62 mg ml À 1 ). A sVE-cadherin serum level at week 6 was assessed on 111 patients, with a median of 0.494 mg ml À 1 (range 0.01-1.66 mg ml À 1 ). A reduction of more than 10% of sVEcadherin level at week 6 was observed in 40 patients.
Correlation of sVE-cadherin to clinico-pathological characteristics. We analysed sVE-cadherin correlation to accepted prognostic factors. Higher levels of sVE-cadherin were significantly correlated to a worse PS (P ¼ 0.048), a lower haemoglobin (P ¼ 0.0492) and a lower albumin (P ¼ 0.0391). On the other hand, sVE-cadherin levels were not related to lactate dehydrogenase, PNN, disease-free interval and liver metastasis.
Prognostic value of sVE-cadherin for survival. At the time of analysis, with a median follow-up of 72.7 months, median survival of the entire patient population was 27.7 months from the date of sampling (IC95: 23.2-32.1). 125 patients (83.3%) deceased.
High serum level of sVE-cadherin was a factor of poor prognosis whatever the sVE-cadherin threshold used (median or Xtile cut-off). Median OS was, respectively, 33.4 (IC95: 26.1-49.8) vs 21.4 (IC95: 14.8-30.5) months (log-rank test: P ¼ 0.0063) for patients whose serum level was below and above the median sVE-cadherin distribution value equals to 0.55 mg ml À d (Figure 1 ). This significant prognosis effect is even more noticeable when a cut-off of 0.72 is used; median OS was, respectively, 34 (IC95: 26.6-47.1) vs 14.8 (IC95: 9.3-21.4) months (log-rank test: P ¼ 0.0007) for patients whose serum level was below and above 0.72 mg ml À 1 value (Figure 2) . The death risk is twice higher in patients with sVE-cadherin level higher than 0.72 mg ml À 1 HR ¼ 2.0 (IC95: 1.3-3.0, P ¼ 0.0007).
Significant difference in median PFS was also found between patients whose sVE-cadherin level was below or above 0.72 mg ml À 1 value: 9.7 (IC95: 8-11.9) vs 5.8 (IC95: 4.1-8.0) months (log-rank test: P ¼ 0.0008) (Figure 3) .
Moreover, in univariate analysis, a decrease of 10% or more of sVE-cadherin between inclusion and week 6 was associated with improved OS: HR 1.65 (IC95: 1.06-2.57, log-rank test: P ¼ 0.025) (Figure 4) .
Multivariate analysis.
A multivariate analysis of prognostic factors using the Cox model was performed on 119 out of 150 MBC patients without missing data. The variables introduced in the multivariate Cox regression included performance status (0-1 vs 2-3); bone involvement (present vs absent), adjuvant chemotherapy, disease-free interval, haemoglobin, SBR grade (I/II vs III) for OS only and sVE-cadherin level (p0.72 vs 40.72 ng ml À 1 ). In the final model, sVE-cadherin remained an additional independent prognostic factor for OS: HR 1.672 (IC95: 1.1-2.64, P ¼ 0.0270) ( Table 2 ) and for PFS: HR 1.612 (IC95: 1.07-2.43, P ¼ 0.0219). Figure 1 . Impact of VE-cadherin on OS, assessed by the Kaplan-Meier method, using 0.55 mg ml À r cut-off. 
DISCUSSION
Metastatic breast cancer is a heterogeneous disease with variable biological, clinical behaviours and for any specific patient, clinical evolution is difficult to predict. New prognostic and predictive factors are therefore needed to help clinicians choosing customised therapeutic strategy. Blood-based biomarkers have advantages over tissue markers as they are easily accessible and can also be routinely monitored. Modification of VE-cadherin (or cadherin 5) expression has been observed in several cancer types, including breast cancer. In preclinical models, aberrant expression of VE-cadherin promotes tumour progression via the TGF-b pathway that leads to cell proliferation and to epithelial-mesenchymal transition, which is a phenotypic alteration associated with metastatic dissemination and progression (Labelle et al, 2008b; Fry et al, 2016) .
VE-cadherin cytoplamic domain contain several tyrosine residues that are targeted by tyrosine kinases upon cytokines challenge. We have previously shown that VEGF-induced VE-cadherin tyrosine phosphorylation at site Y685 upon Src kinase activation (Wallez et al, 2007) . In addition, we have demonstrated that VEGF-induced VE-cadherin tyrosine phosphorylation preceded N-terminal ectodomain shedding of the protein (Vilgrain et al, 2013) . The mechanism of VE-cadherin cleavage is not completely understood. One hypothesis is that the covalent tyrosine phosphorylation in the cytoplasmic domain might induce a transconformation of the protein that could be more susceptible to proteolysis.
In this study, we have evaluated the clinical significance of soluble VE-cadherin levels in 141 hormone-refractory MBC patients. We demonstrate that sVE-cadherin is an independent prognostic factor in MBC for both PFS and OS. As sVE-cadherin had never been evaluated in this setting, we explored two thresholds based on statistical prediction. Elevated sVE-cadherin level (40.72) was significantly associated with worse OS and PFS.
Results of the multivariate analysis show that sVE-cadherin levels remain independent variables for survival when assessed with confirmed prognostic markers. Furthermore, a decrease of X10% of sVE-cadherin level during chemotherapy was significantly associated with good prognosis.
Previous studies from Fry et al identified sVE-cadherin as a biomarker that distinguished patients with recurrent breast cancer from those with complete remission (Fry et al, 2013 (Fry et al, , 2016 . These studies indicate that sVE-cadherin might be use as a biomarker to monitor patients after primary breast cancer treatment. This biomarker appears to be more sensitive than CA15.3. Those results indicate that measurements of sVE-cadherin could be integrated in the surveillance of patients with localised breast cancer, to early detect metastatic recurrence. Our study evaluated sVEcadherin prognostic value on patients with established MBC. We demonstrated that sVE-cadherin value and evolution can discriminate patients with MBC into poor and good prognosis groups, which might help physicians to better personalised therapeutic approach. Due to different clinical situation and different ELISA technics, sVE-cadherin levels in our study cannot be directly compared with Fry et al values. Nevertheless, taken together those results highlight the informative value of sVE-cadherin in MBC.
In the absence of references concerning sVE-cadherin value in MBC, we chose in a first intention a cut-off based on median value. Cut-off of 0.72 was determined using X-tile software. It provides a global assessment of every possible way of dividing a population into low-high level marker expression. Additional analyses of sensitivity shown that the results did not vary when the cutoff changes. However, these cut-off can be discussed as they have no biological rational even if, they are twice associated with significantly statistical differences. Furthermore, we wanted to identify if variation of VE-cadherin level in the first weeks of treatment could be predictive of treatment response. We chosed 10% cut-off in order to isolate patients with largest decreases in VE-cadherin at week 6 compared with baseline while having a sufficient sample size in this subgroup to keep enough statistical power to show a predictive effect of this evolution.
One other limit of our study is the heterogeneity of our cohort: we included patients with hormone receptor negative or positive disease and HER2 positive and negative disease. Because of our limited effective, we could not study either of the subtypes separately. Twenty-six patients had HER2-positive disease and they all received trastuzumab associated with metastatic first-line chemotherapy. However, soluble VE-cadherin median value was not statistically different in the different biological subtypes Phase III trials in MBC reported PFS benefit of the adjunction of bevacizumab to taxanes but failed to demonstrate OS benefit (Miles et al, 2010; Brufsky et al, 2011; Robert et al, 2011) . Part of the problem with bevacizumab development is the lack of predictive biomarker which could select for bevacizumab sensibility (Trédan et al, 2015) . VEGF and VE-cadherin have been identified as mediator of tumour angiogenesis, a process required for invasion and metastasis of solid tumours (Weidner et al, 1991; Le Guelte et al, 2011) . Although the role of VEGF in tumour progression has been largely demonstrated, studies failed to identify soluble VEGF level as a predictive biomarker (Bachelot et al, 2003; Reeves et al, 2009 ). Vilgrain et al demonstrated in patients with glioblastoma that VEGF can induce VE-cadherin cleavage and consequently induce sVE-cadherin release. As it is a specific component of the endothelial cells and because it has not been reported to be trapped by extracellular matrix, soluble VEcadherin in blood might reflect VEGF activity at tumour site (Vilgrain et al, 2013) .Thus, sVE-cadherin might be a predictive biomarker of antiangiogenic treatment efficiency. This hypothesis is currently being tested in the prospective COMET study, which investigate various biological parameters that could be related to clinical benefit of bevacizumab in MBC.
In conclusion, we show that soluble VE-cadherin level is independently correlated with survival in hormone-refractory MBC. If confirmed, these results could help oncologists in identifying patients with a poor prognosis. Furthermore, as sVE-cadherin reflects active angiogenesis at tumour site, its evaluation might help to predict efficacy of antiangiogenic molecules.
